In this paper, a fast method for displaying a digital, real and offaxis Fresnel hologram on a lower resolution device is reported. Preserving the original resolution of the hologram upon display is one of the important attributes of the proposed method. Our method can be divided into 3 stages. First, a digital hologram representing a given three dimensional (3D) object is down-sampled based on a fix, jitter down-sampling lattice. Second, the down-sampled hologram is interpolated, through pixel duplication, into a low resolution hologram that can be displayed with a low-resolution spatial light modulator (SLM). Third, the SLM is overlaid with a grating which is generated based on the same jitter down-sampling lattice that samples the hologram. The integration of the grating and the low-resolution hologram results in, to a good approximation, the resolution of the original hologram. As such, our proposed method enables digital holograms to be displayed with lower resolution SLMs, paving the way for the development of lowcost holographic video display.
hologram can be generated numerically swiftly based on a commodity personal computer (PC) [1, 2] . However, there is a lack of devices for displaying the hologram which generally requires a resolution of over 2400dpi (about 10 microns) to provide an observable reconstructed image. Existing spatial light modulators (SLMs), such as the Liquid Crystal on Silicon (LCoS), are small in size and rather expensive. Although both the resolution and size of these devices can be enhanced with the use of multiple units, or the active tiling (AT) method [3] [4] [5] [6] , the complexity and cost of the setup is increased substantially. A solution to address the above problems has been proposed by Tsang et al. [7] with the concept of binary mask programmable hologram (BMPH). The BMPH is formed by overlaying a fixed, highresolution binary grating onto a low-resolution binary mask. By generating the correct binary mask through an iterative process based on Simple Genetic Algorithm (SGA) [8] , the BMPH can mimic a hologram with identical resolution as the grating, thereby capable of reconstructing an image with the same resolution of the original hologram. As the binary mask can be displayed with a less stringent display device of lower resolution, the cost and complexity of implementing the holographic display (either as a single or a tiling structure) can be reduced. However, the BMPH method suffers from 3 major problems that severely limit its application in practice. First, the computer memory, as well as the time taken to compute the binary mask is overwhelming. Second, so far only small on-axis hologram of size 256x256 pixels can be realized. For larger holograms, the correct mask cannot be found even after prolong period of computations, probably due to the difficulty in locating the optimal solution in the search space with the SGA. Third, for certain object images, the method fails to generate the correct binary mask even after large number of iterations. Despite all these shortcomings, the BMPH has casted light on the feasibility of using a low-resolution SLM to reconstruct an image obtained from the higher resolution of the original hologram. In this paper, we follow the concept of the BMPH and propose a fast method for displaying an off-axis digital hologram with a lower resolution SLM. Our proposed method, together with the experimental evaluation, are presented in sections 2 and 3, respectively. Finally, a conclusion is given in section 4, summarizing the essential findings.
Proposed method
Our proposed method can be divided into 3 stages as shown in Fig. 1 
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In the optical experiments that follow, the off-set angle θ is taken to be In the first stage, we apply the "regular grid jittered down-sampling" (RGJD) [9] [10] [11] to the input digital hologram. In RGJD, the sampling instance of a regular lattice is shifted to a random position within the sampling interval (a process commonly referred to as jittering). According to the analysis in [9] [10] [11] , the RGJD results in significant reduction in aliasing errors if the jitters are uncorrelated to the signal, thereby preserving the basic composition of the signal spectrum. On the downside, high frequency contents are attenuated, and uniform noise is imposed on the sampled signal. As the analysis on RGJD has been reported in many literatures, such as [11] , the details will not be reiterated here. Instead, we shall focus on the effect of RGJD on the signal spectrum. Given an arbitrary one dimensional (1-D) signal ( ) s x , applying the RGJD results in a down-sampled signal ( ) 
where k is the sampling interval, m is a positive integer, and
S ω , and ( ) ϕ ω denote the frequency spectrums of ( ) s x , ( ) d s x , and the sampling lattice, respectively. According to [11] , if the random variable 1 τ is uncorrelated to ( ) 
